Objective: Alcohol use is one of the ten most common risk factors threatening global health that is avoidable (ranked fifth after smoking). It is involved in high rates of liver cirrhosis, epilepsy, hypertension, cerebrovascular and mental illness. Negative consequences of family and social drinking are also very significant. The aim of the study is to quantify the gender and age-differentiated disparities in alcohol-related mortality in the population over 16 years between the years 1996-2017 in Slovakia.
INTRODUCTION
Central and Eastern Europe is one of the centres of the global epidemic of excessive alcohol consumption. Excessive alcohol consumption leads to serious health problems. Besides mental disorders, it is usually accompanied by many physical injuries and illnesses. Alcohol is a legal psychoactive substance and its drinking belongs to traditional culture in many countries, which greatly complicates primary prevention processes. Primary prevention is often underestimated due to reliance on effective medical treatment (1) . According to the Statistical Office of the Slovak Republic, alcohol consumption in 2017 was the lowest since 2003. According to WHO data, alcohol consumption in Slovakia was comparable to other countries. In 2017, alcohol consumption of 8.2 litres was recorded, in 2016 it was 8.4 litres. In the early 1990s, consumption exceeded 10 litres per capita. In 2017, the consumption of both spirits and wines decreased, but beer consumption increased. In the neighbouring Czech Republic, alcohol consump-tion is rising, even among children. There is also criticism directed at the Czech government, which does not address this issue (2) . If we were to evaluate drug and alcohol strategies in Europe, we would find a significant conceptual heterogeneity in the form of different models. For example, the absence of a national strategy, the existence of a strategy for illegal drugs but absent for alcohol, the existence of separate strategies for drugs and alcohol, two interlinked strategies and a policy document on illegal drugs and alcohol. So far, there is no clear inclination to one of the models, although, as the European Commission states, many countries have already adopted, in addition to their drug strategy, alcohol, some have expanded the content of drug policy documents (3) . One of the effective options is also to develop a separate alcohol strategy within each country. The absence of a common European system and trends encourage governments to take into account several aspects in developing concepts related to the use of legal and illicit drugs. This issue is also strongly related to analysis and evaluation of the availability of addiction treatment, with marked disparities among approaches across Europe. Attention is drawn to the inaccessibility of treatment, especially for those who need it most (3) . These disparities are not only geographic inaccessibility but a wide range of other socioeconomic factors that should be the subject of specific research by international research teams (4) (5) (6) . These facts led to the realization of our research aiming to quantify the gender and age-differentiated disparities in alcohol-related mortality in the population over 16 years during the period 1996-2017 in Slovakia.
Overview of International Research Results
Many foreign research studies investigate the relationship between alcohol use and mortality -induced or affected by it. Authors do not study usually the influence of alcohol use separately but in consistency with other risk factors. Interestingly, their emphasis is on regional health disparities, as well as on gender and age differences as important determinants of the relevance of mortality trends. Chen et al. (7) in their study looked at mortality rates due to oncological diseases in relation to risk factors. The research platform consisted of 978 monitoring sites in 31 provinces in China. The authors examined 23 risk factors in several categories (e.g., smoking, occasional smoking, drinking alcohol, physical inactivity, etc.). The results of the analysis confirmed significant regional disparities in different mortality rates for oncological diseases due to the risk factors examined. The authors highlight the importance of effective primary strategies for cancer prevention and particular political attention to the factors that had the greatest impact on mortality. Greenfield et al. (8) focused on examining the relationship between the use of alcohol, tobacco and drugs in relation to gender, institution, age and cultural engagement among the young population − students of the Native American community college and university. The survey sample consisted of 347 students. Alcohol use was examined through the number of drinks in 30 days. As the findings show, over 43% of students used alcohol during the study month, 27% were alcohol-abusive, 20% were drugged, and 13% were smokers at the same time. Younger people also used marijuana in the last month. A study by Barrios et al. (9) explicitly linked the influence of alcohol use and the prevalence of tobacco smoking to oncological diseases. According to the authors, oesophageal cancer (code C15) shows significant geographical differences and is one of the leading causes of cancer deaths worldwide. Data on mortality for the analysis was used from the WHO database. The results of the study call for the development of effective policies to control tobacco and alcohol consumption. Specific proposals for prevention programmes to eliminate oesophageal cancer in various geographic areas of Central and South America were suggested, and other risk factors, e.g., unhealthy diet, obesity, etc., were also specified. Another study by Saint Onge and Krueger (10) focused on risk factors and regional health disparities, with their target population being adults aged 18+. The database consisted of representative national data from the US for the period 2004-2009 from the National Health Interview Survey (NHIS). The authors identify 7 behavioural patterns based on lifestyle risk factors: alcohol use, smoking, physical activity, influenza vaccination, doctor visits, and more. They report significant racial/ethnic, gender, regional, and age differences in defined research groups. According to the authors, the specification of such restricted groups will have a significant impact on the investigation of future mortality relationships. The authors also intend to link the results of their analysis to sociological theories of health behaviour as well as to several interventions aimed at improving health of the population. Hadland et al. (11) in their study examined the relationship between the strength of alcohol policies at the national level and the rate of alcohol-related cirrhosis mortality. The Alcohol Policy Scale (APS) and Validated Assessment of Policies by 50 US States and Washington DC were used to quantify the effectiveness and implementation of 29 policies. The results of their analysis point to the significant disparities in the states in terms of alcohol cirrhosis mortality and the different impact of policies. The highest mortality was found in men living in Western states and in states with a high proportion of American Indians. Higher APS scores were associated with a lower mortality rate in women than in men. In subsequent research studies the authors would like to look into the root causes of racial, ethnic and regional differences in alcohol-related mortality separately in both genders. The younger age group is the research topic of Beard et al. (12) . The authors compared patterns in high-risk alcohol use and smoking in the regions of England and their impact on socio-demographic characteristics. The survey sample consisted of 53,922 adults aged 16 and over who participated in the Alcohol and Smoking Toolkit Studies. The research was conducted between 2014 and 2016. The study's results point to regional differences in smoking, but not in high-risk drinking, which the authors explain by the impact of socio-demographic differences. The association of risk drinking and alcohol use with mortality was also investigated by Bea et al. (13) . The authors looked at women's mortality from breast cancer and tried to reveal regional differences. Female mortality in South Carolina was 40% higher for African Americans than for European Americans. In view of this considerable racial inequality, the authors examined the use of alcohol and tobacco in an ethnically diverse nationwide study of women with newly diagnosed invasive breast cancer. The study is based on self-reported behavioural data. The results of the study showed a high risk of developing breast cancer caused by risky drinking and smoking. Thus, targeted prevention programmes focusing on specific diagnoses are needed. Gender differentiation in relation to oncological diseases caused by excessive drinking, smoking, unhealthy lifestyle and other factors was examined by Elias et al. (14) . Data from the Canadian Community Health Survey and the Manitoba and First Nations Regional Longitudinal Health Survey were the database. First Nations are the largest group in Canada, which accounts for up to 64% of the native population. This group had markedly high-risk factors − alcohol abuse, high smoking rates, obesity, diabetes, and lack of physical activity. Based on the study results, a very heavy burden of cancer in the First Nations population living on reserve is expected in the future. The results of the study call for interventions using partnerships between health and social authorities and pressures for long-term institutional partnerships. The study criticizes the government's priority interest in addressing economic inequalities, not inequalities in health. Zanjani et al. (15) examined the impact of concomitant use of alcohol and medicines in adults aged 50 years and over on the development of hospitalization. They used electronic records of acute hospitalizations of adults aged over 50 for the period 2001-2012. The results have shown an increase in hospitalization due to alcohol and medication use among older adults. Higher increase in hospitalizations was recorded in rural areas in adults aged 65 and over. For urban residents, high hospitalization was recorded in population aged 50-64. These results call for prevention programmes and public health policies aimed at better education and coping with alcohol consumption in older adult patients.
In this study, we examined the measure of correspondence between the age category and selected causes of death induced by excessive use of alcohol. The symmetrical normalisation method and chi-square distance measure were used. We split our analysis into two parts, correspondence analysis of male mortality and correspondence analysis of female mortality.
MATERIALS AND METHODS
Our dataset contains all deceased persons aged over 16 years because of excessive use of alcohol in the Slovak Republic within the period from 1996 to 2017. Information about deceased individuals was obtained from death certificates. The data were provided by the National Health Information Centre of the Slovak Republic. We were looking for the following diagnosis: F10 -Acute alcohol intoxication, G31 -Degeneration of nervous system due to alcohol, G62 -Alcoholic polyneuropathy, I42 -Cardiomyopathy, K29 -Alcoholic gastritis, K70 -Alcoholic liver disease, K73 -Chronic hepatitis, not elsewhere classified, K74 -Fibrosis and cirrhosis of liver, K86 -Alcohol-induced chronic pancreatitis. We divided age into relatively homogenous intervals. Those intervals are 16-25, 26-35, 36-45, 46-55, 56-65, 66-75, 76-85, and 85+ years.
To process data and to achieve the research objective we decided to apply correspondence analysis (16, 17) . Correspondence analysis is a descriptive (exploratory) technique for analysing tables with two or more entries. Correspondence analysis gives us certain measures of correspondence between rows and columns of the pivot table. Correspondence analysis is multidimensional visual technic that allows us to graphically display rows and columns of the pivot table and specify the measure of correspondence between the rows and columns. The provided results are similar to results provided by factor analysis techniques and allow us to explore the structure of the categorical variables of the table. The output of correspondence analysis is 2-dimensional graph. Coordinates in graph are analogous to factors in a principal component analysis. This method uses nominal variables as inputs. The necessary condition for correspondence analysis use is the existence of dependence between the observed data. We exclude from correspondence analysis age interval 16-25 years, because it would devalue our results because of underrepresentation of these observations (only 130 persons of this age died because of excessive alcohol use). Data were processed using IBM SPSS® software. Table 1 summarizes the situation within the group of observed diagnosis. In total, there were 34,493 deaths caused by alcohol during the mentioned period. We can state that there are 72% of deaths in males. According to Table 1 , the majority of deaths occur in age interval 56-65 years, but also age between 46-55 years is critical. Figure 1 depicts the differences between genders in alcoholinduced mortality for the four most risky diagnoses which caused 95% of all deaths among observed diagnoses. With an obvious predominance, K70 -Alcoholic liver disease, K74 -Fibrosis and cirrhosis of liver cause the majority of all deaths related to excessive alcohol use.
RESULTS
We can state that in term of K70 -Alcoholic liver disease and I42 -Cardiomyopathy males die three times more often than females and in case of K74 -Fibrosis and cirrhosis of liver and K86 -Alcohol-induced chronic pancreatitis males die more than two times more often than females. Figure 2 reveals some interest- Fig. 1. Distribution of mortality, K70, K74 The first obvious fact is that in all groups of observed diagnosis the median age (dark line in the boxes) of death is lower for males than for females. It means that half of the cases have a value greater than the median, and half have a value lower. Concerning the variation of age of death within the boxes, thus in 50% of cases, we find the lowest dispersion in case of F10 -Acute alcohol intoxication, K70 -Alcoholic liver disease and K74 -Fibrosis and cirrhosis of liver. The largest dispersion can be found in the case of G31 -Degeneration of nervous system due to alcohol, K29 -Alcoholic gastritis and K86 -Alcohol-induced chronic pancreatitis. We can also observe that those whiskers (Tbars that extend from the boxes) in case of males are in majority of diagnoses (except G62 -Alcoholic polyneuropathy and I42 -Cardiomyopathy) lower than in females, i.e. the minimal age of death is lower in males. If we suppose that data are normally distributed, we should expect that 95% of the data lie between the whiskers. If we focus our analysis on extreme values -outliers, thus points under and above whiskers, we can state that diagnoses with a minimum number of extreme values are F10 -Acute alcohol intoxication, G62 -Alcoholic polyneuropathy, K73 -Chronic hepatitis, not elsewhere classified, and K86 -Alcohol-induced chronic pancreatitis. In case of G31 -Degeneration of nervous system due to alcohol, both genders reach bottom outliers. In the case of I42 -Cardiomyopathy, both genders reach bottom outliers, but in case of males, we observe some upper outliers. In the case of K70 -Alcoholic liver disease and K74 -Fibrosis and cirrhosis of liver, most risky diagnoses among observed ones, we observe equally distributed bottom and upper outliers for both genders.
Male Mortality
One of the necessary conditions of correspondence analysis use is the assumption of dependence between the observed variables. To verify whether there is significant relationship between two nominal variables, we performed the Pearson's chi-square test of independence.
We can find the p-value of Pearson's chi-square test in Chisquare column in Table 2 . We reject the null hypothesis of nondependence of data and we suppose that there is the dependence between data. Table 2 also shows the proportion of inertia captured by our model. Table 2 tells us also that our model captures 89% of total inertia. The first dimension contributes by 68.3% of inertia and second dimension contributes by 20.7% of inertia, what makes in total 89% of inertia. Total inertia is a measure that characterizes the quality of transformation of multidimensional points in the correspondence map. Our model is seen as satisfactory, as it captures 89% of inertia. Figure 3 contains the results of correspondence analysis for males. We can see on correspondence map that in case of males, K29 -Alcoholic gastritis is corresponding to age 85+. Further, we have only one outlying diagnosis, which does not correspond with any age interval in case of males. This diagnosis is G62 -Alcoholic polyneuropathy.
There is a relatively close relationship between age interval 76-85 years and G31 -Degeneration of nervous system due to alcohol and K73 -Chronic hepatitis, not elsewhere classified diagnosis in case of males. Diagnose K74 -Fibrosis and cirrhosis of liver diagnosis is almost perfectly related to age 66-75 years and slightly related to age interval 56-65 years. We find perfect correspondence between K70 -Alcoholic liver disease and age interval 46-55 years and lighter correspondence of this disease with age intervals 56-65 years and 36-45 years. K86 -Alcohol-induced chronic pancreatitis corresponds to relatively young males aged 26-35 years. It seems that F10 -Acute alcohol intoxication could correspond to age interval 36-45 years.
Female Mortality
Here we again excluded age interval 16-25 years from our analysis, because it would devalue our results because of underrepresentation of these observations. To verify whether there is significant relationship between two nominal variables, we perform the Pearson's chi-square test of independence. P-value 
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of Pearson's chi-square test in Table 3 is < 0.001, thus we reject the null hypothesis of non-dependence of data and we suppose that there is the dependence between data. Table 3 also shows the proportion of inertia captured by our model. Table 3 includes the information about total inertia of the model. Total inertia is a measure that characterizes the quality of transformation of multidimensional points in the correspondence map. In case of females, it captures 96.3% of total inertia. The first dimension contributes by 84.9% of inertia and the second dimension contributes by 11.4% of inertia. Figure 4 is the correspondence map of analysis for females. Here again, as it was in case of males K29 -Alcoholic gastritis diagnosis and age interval 85+ forms outlying corresponding couple. Next, we identified two diagnoses, which are not corresponding to any age interval in case of females. Those diagnoses are F10 -Acute alcohol intoxication and G31 -Degeneration of nervous system due to alcohol. K86 -Alcohol-induced chronic pancreatitis corresponds to age interval 76-85 years. K73 -Chronic hepatitis, not elsewhere classified has light correspondence with age intervals 66-75 years and 76-85 years. Age interval 66-75 years is also corresponding with diagnoses G62 -Alcoholic polyneuropathy and K74 -Fibrosis and cirrhosis of liver. Further, we find cloud of relatively similar age intervals. Those intervals are 26-35, 36-45, 46-55 and 56-65 years. Those age intervals correspond more or less with K70 -Alcoholic liver disease.
DISCUSSION
In the context of the main goal of the contribution, our basic analytical trajectories were oriented to investigate gender and age differences in the mortality of the Slovak population. The reason for identifying gender disparities was the fact that the female organism is more susceptible to the same amount of alcohol, and the consequences of its use are much more serious in women. For example, women have higher body fat, lower body weight, lower water content, smaller liver (burdened with hormone processing) -liver steatosis, liver cirrhosis, greater metabolism of hormones, fewer enzymes, etc. Alcoholism in women also results in many allergies, psoriasis, premature menopause, breast cancer, development of associated psychological problems, bulimia, often combining alcohol and drugs, and more rapidly causing brain damage. The impact of alcohol on the development of related diseases is different between genders. For example, liver cirrhosis occurs in men after approximately 10-20 years of consuming daily 132 grams of alcohol, in women for about 5 years using daily 52 grams of alcohol (18) . Female alcoholics are giving birth to injured children about 3 to 3.5 times more often than women whose partners are drinking. World statistics mapping alcohol consumption and liver cirrhosis mortality indicate an alarming trend in alcohol consumption and increase in prevalence and mortality related to cirrhosis. The incidence and prevalence of other ethyl toxic diseases also increase. This trend is striking since the 1950s (19) . In countries with the highest alcohol consumption, the diseases are the third most common disease in cardiovascular and oncological diseases (20) . These results from epidemiological studies can also be supported by the outputs of our analysis, where we found compatible but also incompatible developmental mortality rates of diagnoses in the examined gender. Diagnosis K29 -Alcoholic gastritis corresponds to men aged 85+ as in case of women, where this diagnosis and age interval form a correspondent and remarkable couple. Diagnosis G62 -Alcoholic polyneuropathy in men does not correspond to any age range but for women aged 66-75 years. In women in any age range there are no diagnoses of F10 -Acute alcohol intoxication and G31 -Nervous system degeneration due to alcohol use. This diagnosis of G31 in men has a relatively narrow relationship between 76-85 years of age, as has K73 -Chronic hepatitis, a non-classified diagnosis in men. In women, S46 K73 -Chronic hepatitis, a non-classified light correspondence with age ranges of 66-75 years and 76-85 years was found. Diagnosis K74 -Fibrosis and liver cirrhosis in men is almost perfectly related to the age of 66-75 years and is easily related to the age range of 56-65 years. Even in women, K74 diagnosis corresponds to the age range of 66-75 years, but in addition to this interval, we also found a cloud of similar age brackets in women 26-35, 36-45, 46-55, 56-65. It is a very unfavourable fact indicating an intervention of many age groups of the population. This is also confirmed by the mortality rate of the diagnosis K70 -Alcoholic liver disease in men, where there is a perfect correspondence with the age range of 46-55 years and a mild correspondence with age range of 56-65 years and 36-45 years. K86 -Chronic alcoholinduced pancreatitis corresponds to relatively young men aged 26-35 years, while women are affected by this diagnosis in the age range of 76-85 years. In men F10 -Acute alcohol intoxication may correspond to the age range of 36-45 years. As can be seen from these results, we obtained a detailed overview of mortality trends for individual alcohol diagnoses and their impact on individual age groups by gender. It is striking that mortality from some diagnoses affects the young population, women as well as men. Due to specificities of the diseases diagnosed, their symptoms, the nature and duration of treatment, and the age when the disease occurs, it is possible to create concepts of differentiated prevention programmes to eliminate the impact of alcoholism on individuals, families and the whole society. Lessons learned from our analysis will be supported by other analytical lines, geographically oriented, to link quantified regional disparities in the age and gender differentiation of alcohol diagnoses, with the availability of health care, which is very pronounced in Europe. This would also encourage a higher rate of primary, secondary and tertiary prevention.
There are limitations of the study since we analysed the death certificates what brings some biases. Firstly, the population of drinkers avoid regular medical check-ups, especially in the rural areas of Central Europe they are underdiagnosed. Secondly, if diagnosed with cardiomyopathy, it may not be written in the patient documentation with this diagnosis as the first diagnosis (but as I500 -Heart failure, or common comorbidity I259 -Ischaemic heart disease). Thirdly, even if correctly diagnosed, it may be forgotten by the general practitioner or coroner completing the death certificate (this document is often written with minimal knowledge of the patients' history, especially in case of alcohol/ drug abuse).
CONCLUSION
Excessive alcohol consumption is a worldwide problem and, according to the WHO, is the third in the world, and second in the European ranks of avoidable mortality. In the Central and Eastern European countries, every fifth man dies at the age of 65 due to alcoholism. In Slovakia, there is currently no accurate evidence of deaths directly caused by alcohol intoxication, estimates suggest hundreds of lethal poisonings. Alcohol consumption is increasing worldwide. Although the treatment processes are constantly improving, these activities need to be perceived as a phase out of alcoholism. In these processes, it is necessary to cooperate with the whole society and to constantly form public opinion.
Prevention programmes based on a high quality analytical and data platform play a significant role. This is conditioned by the use of appropriate methodologies to detect the causal link between the variables examined. We applied a correspondence analysis to achieve the goal of our study. The aim of the study was to quantify gender-and age-differentiated disparities in alcohol-related mortality in the population over 16 years during the years 1996-2017 in Slovakia. Data from the National Health Information Centre was used. Correspondence analysis has highlighted significant gender disparities in the mortality of multiple alcohol-related diagnoses and made it possible to specify age groups burdened by individual diagnoses. It will help to health and social policymakers to better understand the importance of creating and applying targeted, age-based and gender-differentiated prevention programmes. In the development of alcohol-related mortality structure, the priority remains the permanent provision of primary, secondary and tertiary prevention at the individual as well as population level.
